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SOUND ABSORBING MATERIAL 
AND INTERIOR MATERIAL USING THE SAME 

ttArtKOROTTND OF THE INVENTION 
5 This invention relates to improvements in a sound 

absorbing material and an interior material using the sound 
absorbing material, and more particularly to the interior material 
high in sound insulating performance and moldability and to a 
method for producing the interior material, the interior material 

1 0 being suitable for an automotive sound-insulating material such as a 
dash insulator. 

In recent years, requirement of quietness for automotive 
vehicles have been increasing, so that materials for effectively 
reducing noise transmission to a passenger compartment are eagerly 

15 required. Particularly interior materials for contributing to 
quietness of the passenger compartment are strongly required. In 
this connection, interior trim materials for a door, a head lining, a 
floor carpet, a dash insulator and the like are being required to 
exhibit high sound insulating performance and humidity absorbing 

20 performance. 

In an automotive vehicle, a dash insulator is, in general, 
located at the passenger compartment-side of a dash panel which 
separates a passenger compartment from an engine compartment so 
as to serve to prevent noise from being transmitted from the engine 

25 compartment to the passenger compartment. Such a dash insulator 
is usually formed of a laminated structure which includes an air- 
impermeable plastic or polymer layer such as a vinyl chloride layer 
filled with fillers, or a rubber sheet, and a fiber bulk material layer 
formed of a porous material such as polyurethane foam or a 

30 nonwoven fabric. With such a dash insulator, the fiber bulk material 
layer absorbs noise from the engine compartment and exhibits a 
good sound transmission-preventing effect under the action of a 
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two-layer structure of the dash panel and the plastic layer, thereby 
accomplishing a good sound insulating performance. 

However, difficulties have been encountered in the above 
conventional dash insulator. That is, the dash insulator is lowered in 
5 moldability in case that size of fibers constituting the above- 
mentioned fiber bulk material layer is reduced for the purpose of 
improving the sound insulating performance. For example, in a 
conventional technique disclosed in Japanese Patent Provisional 
Publication No. 9-48042, fibers having sizes smaller than 10 \»m or 
1 0 about 1 denier are not used for constituting a fiber bulk material 
layer in order to prevent the moldability from lowering. 
CSTTMMAT3Y OF THE TNVENTTON 

It is an object of the present invention to provide improved 
sound absorbing material and interior material using the sound 
15 absorbing material, which can overcome drawbacks encountered in 
conventional sound absorbing materials and interior materials. 

Another object of the present invention is to provide 
improved sound absorbing material and interior material using the 
sound absorbing material, which are largely improved in sound 
20 insulating performance while maintaining a high moldability. . 

A further object of the present invention is to provide an 
improved dash insulator for an automotive vehicle, which is largely 
improved in sound insulating performance while maintaining a high 
moldability. 

25 A first aspect of the present invention resides in a sound 

absorbing material comprising first and second polyester fibers (A), 
(B). The first polyester fiber (A) is in an amount ranging from 20 to 
95 parts by weight. The first polyester fiber has a size smaller than 1 
denier. The second polyester fiber (C) is in an amount ranging from 5 

30 to 50 parts by weight. The second polyester fiber includes a 
component having a softening point lower than that of the first 
polyester fiber by at least a temperature of 20 °C. The second 
polyester fiber has a size ranging from 1 to 100 denier. 



3 

A second aspect of the present invention resides in an 
interior material comprising a sound absorbing material layer, and a 
moldable layer. The sound absorbing material layer includes first 
and second polyester fibers (A), (C). The first polyester fiber (A) is in 
5 an amount ranging from 20 to 95 parts by weight. The first polyester 
fiber has a size smaller than 1 denier. The second polyester fiber (C) 
is in an amount ranging from 5 to 50 parts by weight. The second 
polyester fiber includes a component having a softening point lower 
than that of the first polyester fiber by at least a temperature of 20 

10 °C. The second polyester fiber has a size ranging from 1 to 100 denier. 
The moldable layer is laminated to the sound absorbing material 
layer and includes fourth polyester fiber (E) in an amount ranging 
from 5 to 100 parts by weight. The fourth polyester fiber has a size 
ranging from 1 to 100 denier. 

15 A third aspect of the present invention resides in a method 

of producing an interior material, comprising: (a) preparing a sound 
absorbing material layer including first polyester fiber (A) in an 
amount ranging from 20 to 95 parts by weight, the first polyester 
fiber having a size smaller than 1 denier, and second polyester fiber 

20 (C) in an amount ranging from 5 to 50 parts by weight, the second 
polyester fiber including a component having a softening point lower 
than that of the first polyester fiber by at least a temperature of 20 
°C, the second polyester fiber having a size ranging from 1 to 100 
denier; (b) preparing a moldable layer including fourth polyester 

25 fiber (E) in an amount ranging from 5 to 100 parts by weight, the 
fourth polyester fiber having a size ranging from 1 to 100 denier; and 
(c) heat-treating the sound absorbing material and moldable layers 
at a temperature which is not lower than the highest one of the 
softening points of the second polyester fiber (C) and the fourth 

30 polyester fiber (E) and lower than the softening point of the first 
polyester fiber (A) by at least a temperature of 20 °C, so that the 
sound absorbing material and moldable layers are bonded to each 
other. 
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A fourth aspect of the present invention resides in a 
method of producing an interior material, comprising: (a) preparing 
a sound absorbing material layer including first polyester fiber (A) 
in an amount ranging from 20 to 95 parts by weight, the first 
5 polyester fiber having a size smaller than 1 denier, second polyester 
fiber (C) in an amount ranging from 5 to 50 parts by weight, the 
second polyester fiber including a component having a softening 
point lower than that of the first polyester fiber by at least a 
temperature of 20 °C, the second polyester fiber having a size 
1 0 ranging from 1 to 100 denier, and third polyester fiber (B) in an 
amount ranging from 1 to 5 parts by weight, the third polyester fiber 
having a size ranging from 1 to 100 denier; (b) preparing a moldable 
layer including fourth polyester fiber (E) in an amount ranging from 
5 to 100 parts by weight, the fourth polyester fiber having a size 
15 ranging from 1 to 100 denier, and fifth polyester fiber (D) in an 
amount ranging from 1 to 95 parts by weight, the fifth polyester fiber 
including a component having a softening point higher than that of 
the fourth polyester fiber by at least a temperature of 20 °C, the fifth 
polyester fiber having a size ranging from 1 to 100 denier; and (c) 
20 heat-treating the superposed sound absorbing material _ and 
moldable layers at a temperature which is not lower than the 
highest one of the softening points of the second polyester fiber (C) 
and the fourth polyester fiber (E) and lower by at least a 
temperature of 20 °C than the lowest one of the softening points of 
25 the first polyester fiber (A) , the third polyester fiber (B) and the fifth 
polyester fiber (D), so that the sound absorbing material and 
moldable layers are bonded to each other. 

A fifth aspect of the present invention resides in a dash 
insulator for an automotive vehicle, comprising an interior material 
30 which includes a sound absorbing material layer, and a moldable 
layer. The sound absorbing material layer includes first and second 
polyester fibers (A), (C). The first polyester fiber (A) is in an amount 
ranging from 20 to 95 parts by weight. The first polyester fiber has a 
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size smaller than 1 denier. The second polyester fiber (C) is in an 
amount ranging from 5 to 50 parts by weight. The second polyester 
fiber includes a component having a softening point lower than that 
of the first polyester fiber by at least a temperature of 20 °C. The 
5 second polyester fiber has a size ranging from 1 to 100 denier. The 
moldable layer is laminated to the sound absorbing material layer 
and includes fourth polyester fiber (E) in an amount ranging from 5 
to 100 parts by weight. The fourth polyester fiber has a size ranging 
from 1 to 100 denier. 
10 TffiJTCF DESCRIPTION O F THE DRAWINGS 

In the drawings, like reference numerals designate like 
parts and elements throughout all figures, in which: 

Fig. 1 is a schematic sectional view of an automotive 
vehicle provided with a dash insulator including an interior material 
1 5 according to the present invention; 

Fig. 2 is an enlarged schematic sectional view of the 
interior material of Fig. 1; 

Fig. 3 is a fragmentary schematic sectional view of an 
example of the interior material according to the present invention; 
20 Fig. 4 is a fragmentary schematic sectional view of another 

example of the interior material according to the present invention; 

Fig. 5 is a fragmentary schematic sectional view of an 
example of a dash insulator for an automotive vehicle, constituted of 
the interior material according to the present invention; 
25 Fig. 6 is a schematic illustration showing operation of a 

pressing machine used for evaluation of moldability for the interior 
material according to the present invention; and 

Fig. 7 is a graph showing comparison data for evaluation of 
moldability of a variety of samples including the interior materials 
30 according to the present invention. 

DFTArLED DESCRIPTION OF THE INVENTION 

A sound absorbing material according to the present 
invention comprises two polyester fibers (A), (C). The polyester fiber 
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(A) is in an amount ranging from 20 to 95 parts by weight. The 
polyester fiber (A) has a size smaller than 1 denier. The polyester 
fiber (C) is in an amount ranging from 5 to 50 parts by weight. The 
polyester fiber (C) includes a component having a softening point 
5 lower than that of the polyester fiber (A) by at least a temperature of 
20 °C. The polyester fiber (C) has a size ranging from 1 to 100 denier. 
Additionally, the sound absorbing material may comprise polyester 
fiber (B) having a size ranging from 1 to 100 denier, in an amount 
ranging from 1 to 50 parts by weight, as occasion demands. 

10 Thus, the sound absorbing material is required to be 

mainly or only constituted of fibers formed of polyester for the 
reasons set forth below. 

The sound absorbing material is required to be mainly or 
only constituted of thermoplastic synthetic fiber because molding of 

15 the sound absorbing material is accomplished under heating. 
Examples of such thermoplastic synthetic fiber are aliphatic 
polyamide fiber such as nylon 66 fiber, polyester fiber such as 
polyethylene terephthalate fiber, polyphenylene sulfide (PPS) fiber 
and polyether ether ketone fiber, and a mixture fiber in which the 

20 above-listed fibers are suitably mixed. It is to be noted that the 
polyester fiber of the above-listed fibers is appropriate for the sound 
absorbing material because of being high in air-permeability and 
mechanical strength and high in cost performance. 

Examples of polyester suitably used for the above- 

25 mentioned polyester fiber are polyethylene terephthalate (PET), 
polybutylene terephthalate (PBT), polyethylene naphthalate (PET), 
polyethylene isophthalate (PEI), polybutylene isophthalate (PBI), 
ploy-e-caprolactone (PCL), a polymer prepared by substituting 
ethylene glycol component of polyethylene terephthalate with other 

30 different glycol component (for example, polyhexamethylene 
terephthalate (PHT)), and a polymer prepared by substituting 
terephthalic acid component with other different dibasic acid 
component, the polymer being, for example, polyhexamethylene 
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isophthalate (PHI), polyhexamethylene naphthalate (PHN)), and 
the like. The polyester for the above-mentioned polyester fiber may 
be a mixture polymer which is prepared by mixing two or more of the 
above-listed polyesters. Additionally, the polyester for the above- 
5 mentioned polyester fiber may be polyester copolymer including at 
least one of the above-listed polyester as a structural unit. Examples 
of such polyester copolymer are a block copolymer of polybutylene 
terephthalate (PBT) and polytetramethylene glycol (PTMG), a 
copolymer of polyethylene terephthalate (PET) and polyethylene 

1 0 isophthalate (PEI) , a copolymer of polybutylene terephthalate (PBT) 
and polybutylene isophthalate (PBI), a copolymer of polybuthylene 
terephthalate (PBT) and poly-s-caprolactone (PCL), and the like. 
Further, the polyester for the above-mentioned polyester may be a 
copolymer including polyester as main repeated structural unit. 

15 The polyester fiber (A) has the size smaller than 1 denier 

because of improving a sound insulating performance of a sound 
absorbing material (layer) and of an interior material including the 
sound absorbing material. More specifically, in general, a fiber 
spring constant of a fiber structural material becomes lower as 

20 stiffness and size of each fiber lower, improving a sound insulating 
performance of the fiber structural material. The polyester fiber (A) 
occupies the largest part of the polyester fibers constituting the 
sound absorbing material (Layer) and serves as the main fiber which 
largely contributes to the sound insulating performance. Accordingly, 

25 the polyester fiber having the size smaller than 1 denier is used as 
the polyester fiber (A), in which the polyester fiber (A) has a lower 
fiber spring constant thereby realizing the sound absorbing material 
layer having a high sound absorbability. 

The polyester fiber (A) is blended in an amount (blended 

30 amount) ranging from 20 to 95 parts by weight to form the sound 
absorbing material. The sound absorbing performance of the sound 
absorbing material is improved as finer fiber is blended. However, if 
the blended amount of the polyester fiber (A) exceeds 95 parts by 
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weight, air flow resistance of the sound absorbing material increases 
to an impermissible level so as to degrade the spring constant. If the 
blended amount is less than 20 parts by weight, no effect of blending 
the polyester fiber (A) can be obtained. 
5 The polyester fiber (C) is required to mold the sound 

absorbing material to form the sound absorbing material layer, in 
which the polyester fiber (C) functions to bond polyester fibers each 
other, forming joint points (or portions) for the polyester fibers. The 
polyester fiber (C) is blended in the amount (blended amount) 

10 ranging from 5 to 50 parts by weight. If the blended amount is less 
than 5 parts by weight, the joint points among the polyester fibers 
become less thereby making it impossible to maintain a bulky 
structure of the sound absorbing material (layer). If the blended 
amount exceeds 50 parts by weight, the sound absorbing material 

15 (layer) is unavoidably hardened after being subjected to a heat 
treatment, so as to be degraded in sound insulating performance. 

The polyester fiber (C) includes the component which has a 
softening point lower than that of the polyester fiber (A) by at least 
20 °C. The polyester fiber (C) may be formed of only the component 

20 having such a softening point. The reason why the softening point 
difference of the polyester fiber (C) from the polyester fiber (A) is at 
least 20 °C is as follows: If the softening point difference is smaller 
than 20 °C, the whole fiber bulk material of the sound absorbing 
material (layer) is unavoidably softened and therefore will become 

25 plate-shaped when pressed upon heating. The fiber bulk material is 
required to be heated and pressed to obtain the sound absorbing 
material (layer) which maintains its bulky structure thereof. 

It is preferable that the sound absorbing material further 
comprises polyester fiber (B) having the size ranging from 1 to 100 

30 denier, in an amount (blended amount) ranging from 1 to 50 parts by 
weight. This suppresses lowering in sound insulating performance, 
due to the fact that the total spring constant of the sound absorbing 
material (layer) becomes too high. In this regard, the sound 
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absorbing ability of the sound absorbing material (layer) is improved 
by blending the fine polyester fiber (A); however, the total spring 
characteristics of the fiber bulk material or sound absorbing 
material (layer) can be determined only in accordance with the 
5 spring characteristics of the fibers and therefore is affected by the 
spring characteristics due to air. The spring characteristics due to 
air tends to degrade as the size of fibers becomes smaller, because 
the air flow resistance in the sound absorbing material (layer) 
increases to make difficult movement of air through spaces among 

10 fibers as the size of the fibers becomes smaller. In view of this, it is 
preferable to blend the polyester fiber (B) in order to allow the sound 
absorbing material (layer) to ensure a certain amount of air flow 
therein. However, if the blended amount of the polyester (B) is too 
large, the total fiber spring constant of the sound absorbing material 

15 (Layer) becomes high thereby to degrade the sound insulating 
performance. Consequently, it is preferable that the blended amount 
of the polyester (B) is not larger than 50 parts by weight in order to 
maintain the sound insulating performance at a suitable level. 

Next, interior materials 4 using the above sound absorbing 

20 material will be discussed with reference to drawings. 

As shown in Fig. 3, an example 4A of an interior material 4 
includes the sound absorbing material layer 5 to which a moldable 
layer 6 is laminated. The sound absorbing material layer 5 is formed 
of the above-discussed sound absorbing material. The moldable layer 

25 6 includes polyester fiber (E) having a size ranging from 1 to 100 
denier. The moldable layer 6 may further include polyester fiber (D) 
which has a size ranging from 1 to 100 denier and includes a 
component having a softening point higher by at least 20 °C than 
that of the polyester fiber (E). 

30 The reason why the size of the polyester fiber (E) is within 

the range of from 1 to 100 denier is as follows: The interior material 
4A requires a good moldability which mainly depends on the 
moldability of the moldable layer 6. For example, the interior 
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material 4A is used as a fiber bulk material layer or interior 
material 4 serving as a dash insulator 1 as shown in Fig. 1. The fiber 
bulk material layer 4 is disposed between a dash panel 2 and a 
polymer or plastic layer 3. The fiber bulk material layer 4 is required 
5 to be molded to have a complicated shape corresponding to that of 
the dash panel 2, so as to require a good moldability. 

The polyester fiber (E) is blended in an amount (blended 
amount) ranging from 5 to 100 parts by weight in the moldable layer 
6. If the blended amount is less than 5 parts by weight, a sufficient 

1 0 moldability for the interior material 4A cannot be obtained. 

It is preferable that the polyester fiber (D) is further 
blended in the moldable layer 6. The polyester fiber (D) has a size 
ranging from 1 to 100 denier and a softening point higher by at least 
20 °C than that of the polyester fiber (E). The reason why blending 

1 5 the polyester fiber (D) is preferable is as follows: The moldable layer 
6 constituted of the polyester fiber having a larger size is laminated 
to the sound absorbing material layer 5 whose main part is occupied 
with the polyester fiber having a smaller size, so that air in the 
sound absorbing material layer 5 can be readily moved into the 

20 moldable layer 6. Specifically, air is difficult to move in the sound 
absorbing material layer which is high in air flow resistance, so that 
air moves into the moldable layer low in air flow resistance because 
of the larger fiber size. Accordingly, in the whole interior material 
4A constituted of the sound absorbing and moldable layers 5, 6 

25 which are laminated to each other, the spring characteristics of the 
interior material 4A due to air can be effectively lowered, thereby 
further lowering the total spring constant of the interior material 4A. 
Thus, the interior material 4A can be improved in sound insulating 
performance as compared with an interior material which is 

30 constituted of only the sound absorbing material layer (5). The 
polyester fiber (D) is preferably blended in order to effectively 
exhibit a lowering effect for the spring characteristics due to air. 
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In this regard, the size of the polyester fiber (D) is within 
the range of from 1 to 100 denier. If the size is smaller than 1 denier, 
the polyester fiber of the moldable layer 6 becomes the generally 
same in size as that of the sound absorbing material layer 5, and 
5 therefore the moldability of the interior material 4A cannot be 
improved. Thus, the moldable layer 6 uses the larger size fiber than 
the sound absorbing material layer 5, thereby achieving both an 
improvement in moldability and a lowering in the air spring effect 
and the total spring constant of the interior material 4A. In view of 

10 this, it is more preferable that the polyester fiber (D) has the size 
ranging from 5 to 100 denier in order to improve the lowering effect 
for the total spring characteristics of the interior material 4A. If the 
size of the polyester fiber (D) exceeds 100 denier, the number of 
fibers is reduced, and therefore not only the sound absorbing ability 

15 is lowered but also the stiffness of fiber itself is increased to raise the 
spring constant thus to degrade the sound insulating performance. 

It is preferable that the polyester fiber (D) is blended in an 
amount (blended amount) ranging from 1 to 95 parts by weight in 
the moldable layer 6. If the blended amount exceeds 95 parts by 

20 weight, not only maintaining the shape of the moldable layer 6 itself 
is difficult but also the moldability of the interior material 4A having 
a multi-layer structure is degraded. 

The moldable layer 6 may be constituted of only the 
polyester fiber (E) without blending the polyester fiber (D). Even 

25 with this moldable layer, the moldability and sound insulating 
performance of the interior material 4A can be improved; however, it 
will be understood that blending the polyester fiber (D) may further 
lower the total spring constant of the interior material 4A and 
therefore may further improve the sound insulating performance of 

30 the interior material 4A. 

Although the polyester fiber (D) has been described as 
including the component having the softening point higher at least 
20 °C than that of the polyester fiber (E), it will be understood that 
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the polyester fiber (D) may be formed of only the component having 
such a softening point. Such a difference in softening point from the 
polyester fiber (E) is preferable from the viewpoints of obtaining the 
interior material or product 4 by pressing the fiber bulk material 
5 upon heating while maintaining the shape of the moldable layer. If 
the softening point difference is lower than 20 °C, there is the 
possibility of the whole fiber bulk material being softened. 

Fig. 4 illustrates another example 4B of the interior 
material 4 which is denoted by the reference numeral 4B, similar to 

1 0 the example of Fig. 3. In this example, the sound absorbing material 
layer 5 is put between the moldable layers 6, 6 in such a manner that 
the moldable layers 6, 6 are laminated respectively at the opposite 
surfaces of the sound absorbing material layer 5, thereby forming a 
three-layer structure. 

1 5 With this example, the moldability of the interior material 

4B is further improved. Assuming that the sound absorbing material 
layers 5, 5 are laminated respectively at the opposite surfaces of the 
single moldable layer, there is the possibility of the moldability of 
the interior material 4B being degraded because of using the low- 

20 moldability sound absorbing material layers as surface layers. In 
this example, it is preferable that the sound absorbing material 
layer has a thickness ranging from 40 to 95 % of the total thickness 
of the interior material 4B, whereas the moldable layer 6 has a 
thickness ranging from 5 to 60 % of the total thickness of the interior 

25 material 4B. 

The sound absorbing material layer 5 is mainly intended 
to improve the sound insulating performance of the interior material 
4B, and therefore it is preferable to increase the thickness of the 
sound absorbing material layer 5 as large as possible. If the 

30 thickness is less than 40 % of the total thickness of the interior 
material 4B, there is the possibility of the sound insulating 
performance being largely degraded. More preferably, the thickness 
of the moldable layer 6 is within a range of from 70 to 95 % of the 
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total thickness of the interior material 4B. The moldable layer 6 is 
mainly intended to provide the moldahility to the interior material 
4B. In this regard, if the thickness of the moldable layer 6 is less 
than 5 % of the total thickness of the interior material 4B ? a good 
5 moldability of the interior material 4B cannot be maintained. If the 
thickness exceeds 60 %, there is the possibility of the sound 
insulating performance of the interior material 4B being largely 
degraded. 

While the interior materials of the two-layer structure and 

10 the three-layer structure have been shown in Figs. 3 and 4, it will be 
understood that the interior material may take other structures, for 
example, a multiple-layer structure such as a four or more-layer 
structure, in which it is sufficient that the interior material 4 
includes at least one sound absorbing material layer 5 and at least 

1 5 one moldable layer 6. Additionally, the order of laminating the sound 
absorbing material layer and the moldable layer is not limited to 
ones of the examples shown in Figs. 3 and 4, in which the order may 
be "the moldable layer - the moldable layer - the sound absorbing 
material layer - or "the moldable layer - the sound absorbing 

20 material layer - the sound absorbing material layer - In such a 
multiple-layer structure, it is sufficient that the above-discussed 
thickness rates (%) of the sound absorbing material layer and the 
moldable layer are met with the total thickness of the sound 
absorbing material layers and the total thickness of the moldable 

25 layers. 

Next, a method of producing the interior material 4 will be 
discussed. 

In this instance, the interior material is formed by 
laminating the sound absorbing material layer 5 and the moldable 
30 layer 6. The sound absorbing material layer 5 is formed of the sound 
absorbing material including 20 to 95 parts by weight of the 
polyester fiber (A), 1 to 50 parts by weight of the polyester fiber (B) 
and 5 to 50 parts by weight of the polyester fiber (C). The moldable 
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layer 6 includes 5 to 100 parts by weight of the polyester fiber (E) 
and 1 to 95 parts by weight of the polyester fiber (D). 

In the production method of the above-mentioned interior 
material 4, the sound absorbing material layer 5 and the moldable 
5 layer 6 are heat-treated at a temperature which is higher than the , 
highest one of the softening points of the polyester fibers (C) and (E) 
and which is lower by at least 20 °C than the lower value of the 
softening points of the polyester fibers (A), (B) and (D), so that the 
sound absorbing and moldable layers 5, 6 are bonded to each other. 

10 According to this production method, the sound absorbing and 
moldable layers 5, 6 can be simultaneously molded by making the 
heat treatment under the above condition in which a heating control 
is suitably accomplished taking account of difference among 
softening points of the constituent polyester fibers. It is preferable 

15 that the polyester fibers (C) and (E) have the same softening 
temperature; however, no limitation is made for such an 
arrangement. Additionally, it is preferable that the polyester fibers 
(A), (B) and (C) have respectively the softening points which are 
higher by at least 20 °C than the respective softening points of the 

20 polyester fibers (C) and (E); however, no limitation is made for such 
an arrangement. 

It will be understood that the sound absorbing and 
moldable layers 5, 6 are bonded to each other by using a needle 
punch method or an adhesive. Additionally, in case that it is difficult 

25 to bond the sound absorbing and moldable layers 5, 6 under the heat 
treatment, the sound absorbing material layer 5 and the moldable 
layer 6 may be heat-treated separately, and then bonded to each 
other by using the needle punch method or the adhesive. 

Preferably, the interior material 4 of the present invention 

30 is produced as follows: The sound absorbing material layer 5 is 
formed by mixing the polyester fibers (A), (B) and (C) to be formed 
into laminated webs by using a web production device such as a card 
layer or an air layer. The moldable layer 6 is formed by mixing the 
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polyester fibers (D) and (E) to be formed into laminated webs by 
using the web production device. Each laminated webs of the sound 
absorbing material layer 5 and the moldable layer 6 are heat-treated 
at . 165 °C for 10 minutes and then subjected to pressing under 
heating at 60 °C. Thereafter, the laminated webs of the sound 
absorbing material layer 5 and the laminated webs of the moldable 
layer 6 are laminated and heated at 165° for 10 minutes, thus 
obtaining the interior material 4. 

Subsequently, a dash insulator 1 for an automotive vehicle, 
according to the present invention will be discussed. The interior 
material 4 discussed above forms part or whole of the dash insulator. 
The interior material 4 can be not only improved in sound insulating 
performance under the effect of the excellent characteristics thereof, 
but also lightened in weight as compared with the conventional 
interior materials since it is formed of the fiber bulk material. 
Additionally, the interior material 4 is high in moldabihty and 
therefore can be readily realized to form the dash insulator 1 of the 
complicated shape as shown in Figs. 1 and 2. Furthermore, since the 
interior material 4 is formed only or mainly of the polyester fibers, 
the interior material 4 is readily reusable upon recovery, which can 
meet recent requirements for recovery and ecology. 

An example of the dash insulator 1 is shown in Fig. 5. The 
dash insulator includes the sound absorbing material layer 5 which 
is put between the moldable layers 6, 6 in such a manner that the 
moldable layers 6, 6 are laminated respectively at the opposite 
surfaces of the sound absorbing material layer 5. In other words, the 
moldable layers 6, 6 are located respectively at the side of the dash 
panel 2 (or the side of the engine compartment) and at the side of the 
plastic layer 3 (or the side of the passenger compartment). In this 
dash insulator, the moldable layers 6 are laminated on the opposite 
surfaces of the sound absorbing material layer 5, and therefore is 
high in sound insulating performance and good in moldability. It will 
be understood that a sufficient performance may be obtained by 
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laminating the moldable layer 6 at either one side of the dash panel 
2 and the plastic layer 3. 

EXAMPLES 

The present invention will be more readily understood 
5 with reference to the following Examples in comparison with 

Earlier Technology and Comparative Examples; however, these 
Examples are intended to illustrate the invention and are not to be 
construed to limit the scope of the invention. 

EXAMPLE 1 

10 A sound absorbing material layer was prepared to include 

65 % by weigh of a polyester fiber (A) having a size of 0.5 denier, 
15 % by weight of a polyester fiber (B) having a size of 6 denier, and 
20 % by weight of a polyester fiber (C) having a size of 2 denier, to 
have a thickness of 90 % of the total thickness of a fiber bulk 

15 material (or an interior material) and to have a density of 900 g/m 2 . 
A moldable layer was prepared to include 80 % by weight of a 
polyester fiber (D) having a size of 13 denier and 20 % by weight of a 
polyester fiber (E) having a size of 4 denier, to have a thickness of 
10 % of the total thickness of the fiber bulk material and to have a 

20 density of 100 g/m 2 . The sound absorbing material layer and the 
moldable layer were put one upon another to form the fiber bulk 
material. The fiber bulk material was heated at 165 °C for 10 
minutes and then pressed at 60 °C for 1 minute, thereby obtaining 
the two-layer structure interior material having a thickness of 10 

25 mm and a surface density of 1000 g/m 2 . The details of the thus 
obtained interior material were shown in Table 1, 

EXAMPLE 2 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
30 the exception that the sound absorbing material layer had a 
thickness of 70 % of the total thickness of the fiber bulk material 
and a density of 700 g/m 2 , and that the moldable layer had a 
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thickness of 30 % of the total thickness of the fiber bulk material and 
a density of 300 g/m 2 . 

EXAMPLE 3 

An interior material (having the three-layer structure) of 
5 this example was obtained by carrying out a production process 
similar to that in Example 1 with the exception that the sound 
absorbing material layer had a thickness of 80 % of the total 
thickness of the fiber bulk material and a density of 800 g/m 2 , and 
that each of two moldable layers had a thickness of 10 % of the total 
1 0 thickness of the fiber bulk material. 

EXAMPLE 4 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 3 with 
the exception that the sound absorbing material layer had a 
15 thickness of 70 % of the total thickness of the fiber bulk material 
and a density of 700 g/m 2 , and that each of two moldable layers had a 
thickness of 15 % of the total thickness of the fiber bulk material. 

EXAMPLE 5 

An interior material of this example was obtained by 
20 carrying out a production process similar to that in Example 1 with 
the exception that the sound absorbing material layer included 80 % 
by weight of the polyester fiber (A) and did no include the polyester 
fiber (B). 

EXAMPLE 6 

25 An interior material of this example was obtained by 

carrying out a production process similar to that in Example 5 with 
the exception that the sound absorbing material layer included 95 % 
by weight of the polyester fiber (A) and 5 % by weight of the polyester 
fiber (C). 

30 EXAMPLE 7 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 5 with 
the exception that the sound absorbing material layer included 50 % 
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by weight of the polyester fiber (A) and 50 % by weight of the 
polyester fiber (C). 

EXAMPLE 8 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the moldable layer included 95 % by weight of the 
polyester fiber (D) and 5 % by weight of the polyester fiber (E). 

EXAMPLE 9 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the moldable layer included 50 % by weight of the 
polyester fiber (D) having a size of 6 denier, and 50 % by weight of 
the polyester fiber (E). 

EXAMPLE 10 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the moldable layer did not include the polyester 
fiber (D), and included 100 % by weight of the polyester fiber (E) 
having a size of 15 denier. 

EXAMPLE 11 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the polyester fiber (D) in the moldable layer had a 
size of 100 denier. 

EXAMPLE 12 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the polyester fiber (E) in the moldable layer had a 
size of 100 denier. 

EXAMPLE 13 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
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the exception that the polyester fiber (D) in the moldable layer had a 
size of 2 denier. 

EXAMPLE 14 

An interior material of this example was obtained by 
carrying out a production process similar to that in Example 1 with 
the exception that the polyester fiber (E) in the moldable layer had a 
size of 2 denier. 

EAELIER TECHNOLOGY 1 

An interior material of this technology was obtained by 
carrying out a production process similar to that in Example 1 with 
the following exception: The sound absorbing material layer was 
prepared to include 60 % by weight of the polyester fiber (A) having a 
size of 2 denier, 20 % by weight of the polyester fiber (B) having a 
size of 6 denier, and 20 % by weight of the polyester fiber (C) having 
a size of 2 denier, to have a thickness of 95 % of the total thickness of 
the fiber bulk material (or the interior material) and to have a 
density of 950 g/m 2 ; and the moldable layer was prepared to include 
95 % by weight of the polyester fiber (D) having a size of 2 denier and 
5 % by weight of the polyester fiber (E) having a size of 2 denier, to 
have a thickness of 5 % of the total thickness of the fiber _bulk 
material and to have a density of 50 g/m 2 . 

EAELIER TECHNOLOGY 2 

An interior material (having the three-layer structure) of 
this technology was obtained by carrying out a production process 
similar to that in Earlier Technology 1 with the exception that the 
sound absorbing material layer had a thickness of 88 % of the total 
thickness of the fiber bulk material and a density of 880 g/m 2 , and 
that each of two moldable layers had a thickness of 6 % of the total 
thickness of the fiber bulk material and a density of 60 g/m 2 . 

COMPARATIVE EXAMPLE 1 

An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the sound absorbing material 
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layer had a thickness of 100 % of the total thickness of the fiber bulk 
material so that the interior material was of the single-layer 
structure. 

COMPARATIVE EXAMPLE 2 
An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the moldable layer included 95 % 
by weight of the polyester fiber (D) and 5 % by weight of the 
polyester (E). 

COMPARATIVE EXAMPLE 3 
An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the sound absorbing material 
layer includes 15 % by weight of the polyester fiber (A), 65 % by 
weight of the polyester fiber (B) and 20 % by weight of the polyester 
(C). 

COMPARATIVE EXAMPLE 4 
An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the sound absorbing material 
layer includes 97 % by weight of the polyester fiber (A) and 3 % by 
weight of the polyester (C) so that no polyester fiber (B) was 
included. 

COMPARATIVE EXAMPLE 5 
An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the sound absorbing material 
layer had a thickness of 60 % of the total thickness of the fiber bulk 
material and a density of 600 g/m 2 , and that the moldable layer had 
a thickness of 40 % of the total thickness of the fiber bulk material 
and a density of 400 g/m 2 . 

COMPARATIVE EXAMPLE 6 



21 

An interior material of this comparative example was 
obtained by carrying out a production process similar to that in 
Example 1 with the exception that the sound absorbing material 
layer had a thickness of 97 % of the total thickness of the fiber bulk 
material and a density of 970 g/m 2 , and that the moldable layer had 
a thickness of 3 % of the total thickness of the fiber bulk material 
and a density of 300 g/m 2 . 

EXPERIMENT 

(1) MEASUREMENT OF SOUND INSULATING 
PERFORMANCE 

The interior materials (samples) prepared according to 
Examples, Earlier Technology, Comparative Examples were 
subjected to a sound transmission loss test in order to evaluate a 
sound insulating performance. 

The sound transmission loss test was conducted as follows: 
The test was to measure a sound transmission loss by using two 
reverberation rooms, according to JIS (Japanese Industrial 
Standard) - K1416. First, the samples (interior material) prepared 
according to Examples, Earlier Technology, and Comparative 
Examples were formed to be uniform in surface density. Then, an 
aluminum plate having a thickness of 1 mm and a synthetic resin 
(polymer) layer having a density of 4.0 kg/ m 2 were laminated on 
each sample (interior material) in such a manner the sample was 
located between the aluminum plate and the resin layer, thus 
preparing an laminated structure. This laminated structure was 
sealingly set between a sound source-side reverberation room (in 
which a sound source or speaker was located) and a measurement- 
side reverberation room, in which the aluminum plate was located at 
the side of the sound source-side reverberation room while the resin 
layer was located at the side of the measurement-side reverberation 
room. In this state, a sound pressure generated from the speaker in 
the sound source-side reverberation room was measured by a sound 
source-side microphone, while sound transmitted through the 
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laminated structure was measured by a measurement-side 
microphone located in the measurement-side reverberation room 
thereby to obtain a sound pressure of sound passed through the 
sample (interior material). The sound transmission loss of the 
laminated structure (including the sample) was obtained by the 
difference between the sound pressure in sound source-side 
reverberation room and the sound pressure in the measurement-side 
reverberation room. The result of this test is shown in Table 1 in 
which the evaluation "A" represents the sound transmission loss (the 
mean value of a plurality of values measured at frequencies ranging 
from 100 to 6300 Hz) which was improved by not lower than 4- 1 dB 
relative to that of the Earlier Technology 1; the evaluation "B" 
represents the sound transmission loss which was improved by a 
range from + ldB to - ldB relative to that of the Earlier Technology 
1; and the evaluation "C" represents the sound transmission loss 
which was improved by not higher than - ldB (or degraded by not 
lower than 1 dB) relative to that of the Earlier Technology 1. 

(2) MEASUREMENT OF MOLD ABILITY OR DIE- 
FOLLOWING ABILITY 

The interior materials (samples) prepared according to 
Examples, Earlier Technology, Comparative Examples were 
subjected to a pressing test in order to evaluate a moldability or 
die-following ability. 

The pressing test was conducted as follows: Each of the 
interior materials (samples) was heated at 165 °C. Then, a solid 
cylindrical die was mounted on the sample at the central part, upon 
which the die and sample were located upside down and set between 
upper and lower dies of a pressing machine as shown in Fig. 6. 
Compression was made on the sample with the cylindrical die in a 
manner that a clearance between the upper and lower dies was 
changed at 10, 15, 20 and 25 mm, so that four specimens were 
prepared for each sample. Here, the axial lengths of the cylindrical 
dies were 5 mm, 10 mm, 15 mm and 20 mm when the clearances was 
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10 mm, 15 mm, 20 mm and 25 mm, respectively, so that the distance 
(5 mm) between the upper die and the top of the cylindrical die was 
constant. As a result of this pressing test, the four specimens for 
each sample (interior material) had respective circular depressions 
5 formed at the lower surface of each specimen under the effect of the 
cylindrical dies, in which the circular depression has a generally 
cylindrical side wall having a curvature R in cross-section as shown 
in Fig. 6. At this time, the length (mm) of this curvature R was 
measured, upon which a linear regression was made with the length 

10 R to the clearance thereby to evaluate the moldability or die- 
following ability of the sample as shown in Table 1. In Table 1, the 
evaluation "A" represents an average curvature (R) length (in the 
four specimens) of not larger than - 1 mm relative to that of Earlier 
Technology 1; the evaluation "B" represents the average curvature 

15 (R) length ranging from + 1 to - 1 mm relative to that of Earlier 
Technology 1; and the evaluation "C" represents the average 
curvature (R) length of not less than + 1 mm relative to that of 
Earlier Technology 1. The linear regressions of some of the samples 
are graphically shown in Fig. 7 in which lines LI, L2, L3 and L4 

20 represent respectively the sample of Comparative Example 1, the 
sample of Earlier Technology 1, the sample of Example 8 and the 
sample of Example 1. 
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Table 1 depicts that the interior materials according to the 
present invention are largely improved in sound absorbing ability 
over those of Earlier Technology corresponding to conventional 
interior materials. Additionally, Fig. 7 depicts that the moldability 
5 is better in the interior materials according to the present invention. 
From comparison between Example 8 and Earlier Technology 1, it is 
apparent that the moldability in Example 8 is improved by enlarging 
the size of fibers of the moldable layer over that of the main fiber in 
Earlier Technology 1 although the moldability of the sound 
10 absorbing material layer in Example 8 is degraded by including 
fibers smaller in size as being understood from Comparative 
Example 1. 

As appreciated from the above, the interior material 
according to the present invention can be largely improved in sound 

1 5 insulating performance of the automotive vehicle while contributing 
to weight-lightening of automotive parts, for example, by being used 
as the dash insulator of the automotive vehicle. Thus, according to 
the present invention, the sound absorbing material and the interior 
material can be largely improved in sound insulating performance 

20 while maintaining a high moldability thereof. 

The entire contents of Japanese Patent Applications Pll- 
01287 (filed February 18, 1999) are incorporated herein by 
reference. 

Although the invention has been described above by 
25 reference to certain embodiments of the invention, the invention is 
not limited to the embodiments described above. Modifications and 
variations of the embodiments described above will occur to those 
skilled in the art, in light of the above teachings. The scope of the 
invention is defined with reference to the following claims. 
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WHAT IS CLAIMED IS: 

1. A sound absorbing material comprising: 

first polyester fiber (A) in an amount ranging from 20 to 95 
parts by weight, said first polyester fiber having a size smaller than 

5 1 denier; and 

second polyester fiber (C) in an amount ranging from 5 to 
50 parts by weight, said second polyester fiber including a 
component having a softening point lower than that of said first 
polyester fiber by at least a temperature of 20 °C, said second 
10 polyester fiber having a size ranging from 1 to 100 denier. 

2. A sound absorbing material as claimed in Claim 1, further 
comprising third polyester fiber (B) in an amount ranging from 1 to 5 
parts by weight, said third polyester fiber having a size ranging from 

15 1 to 100 denier. 

3. An interior material comprising: 

a sound absorbing material layer including 

first polyester fiber (A) in an amount ranging 
20 from 20 to 95 parts by weight, said first polyester fiber having a size 
smaller than 1 denier, and 

second polyester fiber (C) in an amount ranging 
from 5 to 50 parts by weight, said second polyester fiber including a 
component having a softening point lower than that of said first 
25 polyester fiber by at least a temperature of 20 °C, said second 
polyester fiber having a size ranging from 1 to 100 denier; and 

a first moldable layer laminated to said sound absorbing 
material layer and including 

fourth polyester fiber (E) in an amount ranging 
30 from 5 to 100 parts by weight, said fourth polyester fiber having a 
size ranging from 1 to 100 denier. 
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4. An interior material as claimed in Claim 3, wherein said 
moldable layer includes fifth polyester fiber (D) in an amount 
ranging from 1 to 95 parts by weight, said fifth polyester fiber 
including a component having a softening point higher than that of 
said fourth polyester fiber by at least a temperature of 20 °C, said 
fifth polyester fiber having a size ranging from 1 to 100 denier. 

5. An interior material as claimed in Claim 4, wherein said 
fifth polyester fiber has a size ranging from 5 to 100 denier. 

6. An interior material as claimed in Claim 3, further 
comprising a second moldable layer laminated to said sound 
absorbing material layer and located at a surface opposite to the 
other surface at which said first moldable layer is located, said 
second moldable layer including said fourth polyester fiber (E) in an 
amount ranging from 5 to 100 parts by weight, said fourth polyester 
fiber having a size ranging from 1 to 100 denier. 

7. An interior material as claimed in Claim 3, wherein a total 
thickness of said sound absorbing material layer and a total 
thickness of said moldable layer are in a ratio of a value ranging 
from 40 to 95 : a value ranging from 5 to 60. 

8. A method of producing an interior material, comprising: 
preparing a sound absorbing material layer including first 

polyester fiber (A) in an amount ranging from 20 to 95 parts by 
weight, said first polyester fiber having a size smaller than 1 denier, 
and second polyester fiber (C) in an amount ranging from 5 to 50 
parts by weight, said second polyester fiber including a component 
having a softening point lower than that of said first polyester fiber 
by at least a temperature of 20 °C, said second polyester fiber having 
a size ranging from 1 to 100 denier; 
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preparing a moldable layer including fourth polyester fiber 
(E) in an amount ranging from 5 to 100 parts by weight, said fourth 
polyester fiber having a size ranging from 1 to 100 denier; and 

heat-treating said sound absorbing material and moldable 
layers at a temperature which is not lower than the highest one of 
the softening points of said second polyester fiber (C) and said fourth 
polyester fiber (E) and lower than the softening point of said first 
polyester fiber (A) by at least a temperature of 20 °C, so that said 
sound absorbing material and moldable layers are bonded to each 
other. 

9. A method of producing an interior material, comprising: 

preparing a sound absorbing material layer including first 
polyester fiber (A) in an amount ranging from 20 to 95 parts by 
weight, said first polyester fiber having a size smaller than 1 denier, 
second polyester fiber (C) in an amount ranging from 5 to 50 parts by 
weight, said second polyester fiber including a component having a 
softening point lower than that of said first polyester fiber by at least 
a temperature of 20 °C, said second polyester fiber having a size 
ranging from 1 to 100 denier, and third polyester fiber (B) in an 
amount ranging from 1 to 5 parts by weight, said third polyester 
fiber having a size ranging from 1 to 100 denier; 

preparing a moldable layer including fourth polyester fiber 
(E) in an amount ranging from 5 to 100 parts by weight, said fourth 
polyester fiber having a size ranging from 1 to 100 denier, and fifth 
polyester fiber (D) in an amount ranging from 1 to 95 parts by weight, 
said fifth polyester fiber including a component having a softening 
point higher than that of said fourth polyester fiber by at least a 
temperature of 20 °C, said fifth polyester fiber having a size ranging 
from 1 to 100 denier; and 

heat-treating said superposed sound absorbing material 
and moldable layers at a temperature which is not lower than the 
highest one of the softening points of said second polyester fiber (C) 



1 . rr 



29 

and said fourth polyester fiber (E) and lower by at least a 
temperature of 20 °C than the lowest one of the softening points of 
said first polyester fiber (A), said third polyester fiber (B) and said 
fifth polyester fiber (D), so that said sound absorbing material and 
5 moldable layers are bonded to each other. 

10. A method as claimed in Claim 9, further comprising 
bonding said sound absorbing material and moldable layers to each 
other by using one of a needle punch method and an adhesive. 

10 

11. A method as claimed in Claim 9, further comprising 
superposing said sound absorbing material and moldable layers one 
upon another before said heat-treating. 

15 12. A method as claimed in Claim 9, wherein said heat- 

treating is carried out in a condition where said sound absorbing 
material layer and said moldable layer are separate from each other, 
wherein said method further comprises superposing said sound 
absorbing material and moldable layers one upon another after said 

20 heat-treating; and bonding said sound absorbing material and 
moldable layers to each other by using one of a needle punch method 
and an adhesive, after said superposing. 

13. A dash insulator for an automotive vehicle, comprising: 

25 an interior material including 

a sound absorbing material layer including first 
polyester fiber (A) in an amount ranging from 20 to 95 parts by 
weight, said first polyester fiber having a size smaller than 1 denier, 
and second polyester fiber (C) in an amount ranging from 5 to 50 

30 parts by weight, said second polyester fiber including a component 
having a softening point lower than that of said first polyester fiber 
by at least a temperature of 20 °C, said second polyester fiber having 
a size ranging from 1 to 100 denier; and 
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a first moldable layer laminated to said sound 
absorbing material layer and including fourth polyester fiber (E) in 
an amount ranging from 5 to 100 parts by weight, said fourth 
polyester fiber having a size ranging from 1 to 100 denier. 

5 

14. A dash insulator as claimed in Claim 13, wherein said 

interior material farther includes a second moldable layer laminated 
to said sound absorbing material layer and located at a surface 
opposite to the other surface at which said first moldable layer is 

10 located, said second moldable layer including said fourth polyester 
fiber (E) in an amount ranging from 5 to 100 parts by weight, said 
fourth polyester fiber having a size ranging from 1 to 100 denier, 
wherein said first and second moldable layers are positioned 
respectively to sides of engine compartment and passenger 

1 5 comp ar tment of the vehicle . 
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ABSTRACT OF THE mSCLOSTTRTC 

A dash insulator for an automotive vehicle is formed of an 
interior material which includes a sound absorbing material layer, 
and a moldable layer. The sound absorbing material layer includes 
first and second polyester fibers (A), (C). The first polyester fiber (A) 
is in an amount ranging from 20 to 95 parts by weight. The first 
polyester fiber has a size smaller than 1 denier. The second polyester 
fiber (C) is in an amount ranging from 5 to 50 parts by weight. The 
second polyester fiber includes a component having a softening point 
lower than that of the first polyester fiber by at least a temperature 
of 20 °C. The second polyester fiber has a size ranging from 1 to 100 
denier. The moldable layer is laminated to the sound absorbing 
material layer and includes fourth polyester fiber (E) in an amount 
ranging from 5 to 100 parts by weight. The fourth polyester fiber has 
a size ranging from 1 to 100 denier. 
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Docket No. 



DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

SOUND ABSORBING MATERIAL AND INTERIOR MATERIAL USING THE SAME 
the specification of which (check one) 



□ 



is attached hereto 
was filed on 



as Application Serial No* 



and was amended on 



(if applicable). 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information which is known by me to be material to patentability as defined in Title 37, Code of Federal 
Regulations § 1.56. 



I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) for pat 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a ffiin 
of the application on which priority is claimed: 



itent or inventor's 
g date before that 



PRIOR FOREIGN APPLICATION® 



NUMBER 



COUNTRY 



DAY/MONTH/YEAR FILED 



PRIORITY 
CLAIMED 



11-39553 



Japan 



18 February 1999 



Yes 



4 hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and insofar as the subject 
^matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by the first 
[-paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose information which is known by me to be material to 
^patentability as defined in Title 37, Code of Federal Regulations § 1.56 which occurred between the filing date of the prior application and 
-•the national or PCT international filing date of this application: 



APPLICATION SERIAL NO. 



FILING DATE 



STATUS: PATENTED, PENDING, 
ABANDONED 



JI hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith: Stephen A. Bent, Reg. No. 29,768; David A. B&menthal, Reg. No. 26,257; Joseph D. 
Evans, Reg. No. 26,269; John J. Feldhaus, Reg. No. 28,822; Donald D. Jeffery, Reg. No. 19,980; Peter G. Mack, Reg. No. 26,001; Bernhard 
D. Saxe, Reg. No. 28,665; Richard L. Schwaab, Reg. No. 25,479; Arthur Schwartz, Reg. No. 22,115. 

Send all correspondence to FOLEY £ LAKDNER, 3000 K Street, N.W., Suite 500, P.O. Box 25696, Washington, DC 20007-8696. 
Address telephone communications to at (202) 672-5300. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



Full Name of First or Sole Inventor 
Hiroaki MIURA 


Signature of First or Sole Inventor 


Date 


Residence Address 
Kanagawa , Japan 


Country of Citizenship 
Japan 


Post Office Address 

Nissanuragoryo F-211, 3-68 , Oppamahigashi-cho , Yokosuka-shi, 
Kanagawa 237-0063, JAPAN 



Signatures should confirm to names as typewritten. EI Additional inventors on attached Page 2. 
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Full Name of Second Inventor 

Katsumi MOROHOSHI 


Signature of Second Inventor ^ 


Date 

2/2/zCOD 


Residence Address 

Kanagawa , Japan 


Country of Citizenship 

Japan 


Post Office Address 

Nissanuragoryo G-305, 3-68 , Oppamahigashi-cho , Yokosuka-shi, 
Kanagawa 237-0063, JAPAN 



Full Name of Third Inventor 

Masashi ITO 


Signature of Third Inventor 


Date 


Residence Address 

Kanagawa , J apan 


Country of Citizenship 

Japan 


Post Office Address 

5-10-5, Shonantakatori, Yokosuka-shi, Kanagawa 237-0066, JAPAN 



Full Name of Fourth Inventor 


Signature of Fourth Inventor 


Date 


1 Residence Address 


Country of Citizenship 


I Post Office Address 



f j Full Name of Fifth Inventor 


Signature of Fifth Inventor 


Date 


r ; Residence Address 


Country of Citizenship 


Post Office Address 



Full Name of Six Inventor 


Signature of Six Inventor 


Date 


Residence Address 


Country of Citizenship 


Post Office Address 



Full Name of Seventh Inventor 


Signature of Seventh Inventor 


Date 


Residence Address 


Country of Citizenship 


Post Office Address 



